Background: Oral carcinoma prevalence is high in Kolar owing to tobacco chewing habit. The patients may have premalignant lesions all over oral cavity (field cancerization) making it difficult to select ideal biopsy site. 5-aminolevulinic acid (5-ALA) induced fluorescence helps to demarcate lesions beyond visible margin and helps to choose biopsy site.
INTROdUCTION
Oral cancer is the most common cancer in males and 3rd most common in females in India. Squamous cell carcinoma (SCC) is the most common type (>90%) with a male: female ratio of 2:1. It is generally seen in people above 40 years and peaking at around 60 years of age. There is very high prevalence of oral cancer in Kolar due to the habit of tobacco chewing. Alcohol and tobacco play an important synergistic role in the pathogenesis.
A large number of patients presenting to our institution have associated premalignant lesions in oral cavity. In patients with premalignant lesions over a large area, it is often difficult to choose a site for biopsy. Biopsy can be made more representative by using supravital stainslugol's iodine, toluidine blue, methylene blue, etc. Of late, hematoporphyrin derivatives and photosensitizers like 5-aminolevulinic acid (5-ALA) have been used for staining as it induces fluorescence in malignant lesions due to preferential protoporphyrin (PP) accumulation. This helps in selecting the site for biopsy, demarcation of tumor margin and in follow-up after treatment. It also facilitates early detection of malignancies and may ensure adequate clearance during surgery. 5-aminolevulinic acid hydrochloride is a naturally occurring substance and can be applied locally. Even on systemic administration it gets metabolized and cleared within 24 hours. Literature shows that 5-ALA induced fluorescence has high specificity for neoplastic tissue and no major adverse effects.
We wanted to study the usefulness of 5-ALA induced fluorescence in demarcating the tumor margins in oral cancer and find out whether microscopic tumor extended beyond the visible margins.
MATERIALS ANd METHOdS
This observational study was performed on 50 patients with malignancy/premalignant lesions of oral cavity at RL Jalappa Hospital and Research Centre, Kolar, India,
IJHNS
between November 2011 and March 2013. It included 30 patients with oral cancer and 20 patients with premalignant lesions. Female predominance was noted (80%). Patients with recurrent disease or earlier treatment like chemotherapy/radiotherapy and nonsquamous malignancies were excluded from the study.
An informed written consent was obtained from the patients included in the study.
Patients were made to rinse their oral cavity on the side of the lesion with 5-ALA solution (200 mg in 50 ml of water) for 15 minutes. After incubation period of 3 hours, biopsies were taken from margin of visible lesion in patients with cancer and/or precancerous lesions of oral cavity ( Fig. 1) and another from margin of 5-ALA induced fluorescence area under guidance of blue excitation light (Fig. 2) . The distance in millimeters between visible and fluorescent margin was documented and the biopsy specimens were sent for histopathological examination for detection of malignant or premalignant cells in both the specimens. The results were documented. Usefulness of 5-ALA was evaluated by calculating the sensitivity, specificity, positive predictive value, negative predictive value and diagnostic accuracy.
RESULTS
This study, done at RL Jalappa Hospital, Kolar, India, included a total number of 50 patients (30 oral malignancies and 20 premalignant conditions of oral cavity). Eighty percent of patients were females and majority were in 4th to 6th decades of life. Buccal mucosa was the site of predilection.
Out of the 30 patients with malignancy, 23 were squamous carcinoma of buccal mucosa, three of malignancy tongue, one of malignancy hard palate, two of lower alveolus malignancy and one of malignancy retromolar trigone. Among the 20 patients with premalignant lesions, leukoplakia buccal mucosa constituted 11 cases and leukoplakia tongue was noted in one case. Six cases were of erythroplakia buccal mucosa and two of erythroleukoplakia buccal mucosa. Carcinoma oral cavity is the most common malignancy in Kolar district.
Malignancy buccal mucosa was observed to be the most afflicted subsite (23/30 malignancy patients). Patients in this region usually present at an advanced stage-T3N0: two patients, T3N1: six patients, T3N2a and T3N2b: one patient each; T4aN0: two patients, T4aN1: six patients, T4aN2a: one patient. The tumor node metastasis (TNM) staging of malignancy tongue consisting of three patients was T2N0, T3N1 and T4aN1. This late presentation is due to poverty and ignorance of the people of this region.
Forty-seven out of 50 patients were found to have extension (fluorescence) beyond visible margin when visualized with the aid of blue wavelength light ( Table 1) . Majority of the cases-31 (66%) showed extension between 3 and 5 mm beyond visible margin. All cases of malignancy (30 patients) showed extension (fluorescence) beyond visible margin. Histopathology of biopsy taken from fluorescent margin showed frank malignancy in 18 patients and dysplasia in 12 patients. Sixteen cases of premalignancy buccal mucosa and two case of premalignancy tongue demonstrated fluorescence beyond visible margin. Histopathology report of two premalignancy (leukoplakia) left buccal mucosa showed no evidence of dysplasia on biopsy from visible margin.
In our series, three patients had no fluorescence beyond visible margin and in two patients the biopsy taken from fluorescent margin did not show any dysplasia. All these five patients were clinically diagnosed as leukoplakia buccal mucosa. Twenty-seven cases (15-premalignancy and 12-malignancy) demonstrated dysplasia on histopathological examination of biopsy from fluorescent margin (extension beyond visible margin). Eight patients in our study had > 5 mm extension (fluorescence) beyond visible margin. The subsites showing > 5 mm extension of fluorescence constituted five cases of malignancy buccal mucosa and three cases of malignancy tongue (Table 2) . It is to be noted here that all three cases of malignancy tongue that were taken in this study showed an extension of > 5 mm from visible margin on fluorescence staining.
In our study, in biopsies taken from areas of field cancerization in three cases, two cases of leukoplakia showed dysplasia and one case of erythroplakia showed severe dysplasia. In these three patients, the appropriate site for biopsy could be selected only after staining with 5-ALA.
dISCUSSION
Supravital dyes-toluidine blue, Lugol's iodine, methylene blue, ALA and other porphyrins-have been used to determine the presence of malignancy and its extension beyond the gross margin.
1 They serve as a means of surveillance for high-risk cases and also for those diagnosed with neoplasm of other parts of the aerodigestive tract. Toluidine blue is taken up by dysplastic cells owing to their DNA binding property. 3 Studies done show sensitivity varying between 91 to 92 and 100% specificity. Diagnostic accuracy of 65% was observed. 4, 5 In 1989, a meta-analysis wherein the sensitivity was 97.7 ± 4.65% and specificity was 90.8 ± 9.34%. 6 False positive results occur due to inflammatory and ulcerative lesions which retain the dye. 6 Lugol's iodine was the earliest dye to be used for staining tissues for detection of dysplastic/malignant cells. This dye does not cause staining of malignant/ dysplastic cells due to the enhanced glycolysis occurring in these cells. Its usefulness is confined to nonkeratinized mucosa. 1 The pioneer study in 1990, wherein 178 patients were screened by lugol's iodine staining, identified 13 cases with oral cancer and dysplasia. 1 A study comparing Lugol's iodine and toludine blue done at University of British Columbia, Vancouver, which included 59 cases, concluded that lugol's iodine was less sensitive but had greater specificity.
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Action of methylene blue is similar to toluidine blue and is preferred for large scale screening. 8 Study done
at Institute of Dental Sciences and Hospital, Lucknow, India, similar to a study at Taiwan, showed a sensitivity of 91.4%, specificity of 66.6%, positive predictive value of 97.7%, negative predictive value of 33%. The overall diagnostic accuracy of methylene blue stain was 90%. 8, 9 5-ALA uptake is facilitated mainly by decreased ferrochelatase action, enchanced enzymatic activity and reduced intercellular junctions. 5-ALA shows high specificity in comparison to hematoporphyrin derivatives.
10
Topical 5-ALA can be used on outpatient basis for early detection of malignant lesions as well as fluorescence guided laser resection of oral cancer. The only drawback being the high costs associated in procuring 5-ALA. 11 Photofrin said to be the most popular sensitizer, is administered exogenously to enhance tumor demarcation by emission of a red fluorescence under wavelength of around 400 nm. 12 Topical photofrin used in a study conducted at Chang Gung Memorial Hospital, Taiwan, to identify early oral cancer showed a sensitivity ranging between 92.45 and 93.75%. 13 In our study, we have used topical 5-ALA stained red fluorescence for demarcating the extent of malignant and premalignant lesions of oral cavity under blue light.
5-aminolevulinic acid hydrochloride can also be used as a form of photodynamic therapy for therapeutic purposes. 14 Contact endoscopy has been done in laryngeal and pharyngeal malignancies using 5-ALA. 15 The endoscopy is using narrowband imaging (NBI) and filters in the microscope. 15 Contact endoscopy in a noninvasive, in vivo microscopic examination done by placing a rigid telescope on mucosa that has been stained by a dye. This produces real time images of the cellular architecture with magnification, thereby eliminating need for biopsywhich is the gold standard for diagnosis. 15 In a collaborated study involving Taiwan and Japan, comparing white light and narrowband imaging (NBI), detection of carcinoma in situ (CIS) was found to be IJHNS superior in NBI (p < 0.001). 16 Study at Italy, utilizing NBI for detection of oral cavity lesions demonstrated a sensitivity and specificity of 96 and 100% respectively.
17
Pioneer study of intra-arterial administration of photosensitizer (Photofrin) was conducted at Vilnius University in 1990. This and also the intravenous administration showed a sensitivity of 100%. 12 A study done at University of Munich, Germany, utilizing topical ALA solution in the form of gargling, showed a sensitivity of 99%, specificity of 60%, positive predictive value of 77.3% and a negative predictive value of 97.5%.
11
In our study, no spectroscopy was done. As a result, there were no weak positives. Hence, there is a discrepancy with regard to the specificity. Therefore, the sensitivity and specificity in our study was 95.74 and 100% respectively because biopsy from fluorescent margin (naked eye under blue light) would have been taken only from strongly fluorescent margin.
Study done at Eastman Dental Institute for Oral Healthcare Sciences, London, consisted of 71 patients with clinically suspicious lesions. These patients performed an oral rinse with ALA solution. The sensitivity and specificity for identifying dysplasia or CIS was 83 to 90% and 79 to 89% respectively. 18 In a study done at University of Munich, Germany, topical ALA was used as a rinsing solution. The lesion was examined under 375 to 440 nm (blue) wavelength of light for fluorescence and biopsy was performed and evaluated for malignancy. Comparable results were observed in white light diagnosis and combined fluorescence diagnosis (CFD) for all biopsy specimens taken. Protoporphyrin IX fluorescence fared best and autofluorescence scored worst for tongue lesions. The best method was said to be a combination of autofluorescence photodetection and topical 5-ALA induced PPIX fluorescence.
10
Similar to the above study, our study emphasized the efficacy of 5-ALA induced PPIX fluorescence in detection and delineation of tongue malignancies. We observed that all malignancy tongue cases showed >5 mm extension beyond visible margin on fluorescence.
In our study, using topical 5-ALA, sensitivity and specificity was found to be 95.74 and 100% respectively. Positive predictive value was 100% and negative predictive value was 60%. Diagnostic accuracy was found to be 96%. The data were analyzed using OpenEpi Software Version 2.
To infer, staining with 5-ALA shows autofluorescence and as seen in our study, the lesion may be extending beyond visible margin, and thus a wide excision is mandatory. The average extension in buccal mucosa lesions was 4.35 mm (2-7 mm) and in tongue was 11 mm (8-13 mm).
The premalignant lesions show an average extension of 3.35 mm (2-5 mm). The same autofluorescence using 5-ALA may be used in future to ensure margins of resection during surgery to help bring down the number of local recurrence in oral malignancies.
CONCLUSION
On staining oral malignant/premalignant lesions with 5-ALA, red fluorescence is observed when seen with blue light (380-450 nm) . This ALA induced fluorescence shows the true extent of the lesion in oral malignancies and premalignant lesions. Staining with 5-ALA dye is superior to other supravital dyes like toluidine blue, lugol's iodine and methylene blue in demarcating oral malignant and premalignant lesions.
In our study, topical ALA staining and visualization under blue light showed extension of fluorescence beyond the visible margin in 94% of patients. The sensitivity and specificity in our study for this fluorescence (extension of lesion beyond visible margin) was 95.74 and 100%. The positive and negative predictive value was 100 and 60% respectively. Diagnostic accuracy was 96%. The average extension of tumor beyond visible margin was 3.95 mm in buccal mucosa and 9 mm in tongue lesions.
In field cancerization, staining with 5-ALA can help to select the appropriate site for biopsy.
5-aminolevulinic acid staining demarcates the malignant and premalignant lesions efficiently and can, therefore, be used while resecting lesions to ensure complete clearance. Further, it also holds promise in photodynamic therapy and laser excision of lesion.
